Introduction: Reconsolidation of Traumatic Memories (RTM) is a cognitive intervention for PTSD believed to employ reconsolidation blockade with significant potential as a cost effective and empirically supported treatment. This is the second empirical evaluation of the intervention.
INTRODUCTION
Among the ~2.5 million service personnel who have served in recent West Asian and Near Eastern theaters 1 , between 13% and 17% of those veterans suffer from PTSD 2,3 . Together, these studies suggest that PTSD creates an undue burden on active duty warriors, combat veterans, the medical systems that serve them, and the communities in which they live.
The Reconsolidation of Traumatic Memories (RTM) protocol is a brief, non-traumatizing intervention that is supported by a recent pilot 4 , anecdotal, and published reports using other versions of the intervention 5 . These studies report high rates of success and little or no recurrence of symptoms. The non-traumatizing nature and brief treatment span of RTM are thought to encourage treatment compliance and retention.
Current interventions for PTSD have limited efficacy
Several frontline behavioral interventions are employed by the Department of Veterans
Affairs for the treatment of PTSD including: Prolonged Exposure (PE), Cognitive Processing Therapy (CPT), and Eye Movement Desensitization and Reprocessing (EMDR). There is considerable evidence for their efficacy. That evidence is generally framed in terms of clinically significant symptom reduction (10-20 points on the PCL-M 6 ) and clearance of diagnosis as RTM provides an alternative to current interventions 4, 5 . The procedure begins with a brief, controlled reminder of the target trauma that, in accordance with the reconsolidation paradigm [15] [16] [17] [18] [19] [20] , renders the traumatic memory subject to change for a period of between one and six-hours (as established in clinical and pre-clinical research 21, 22 ). The reminder is terminated before it becomes overwhelming and then dissociative experiences of that memory are provided, which are hypothesized to modify the remembered structure of the event. As these changes provide novel information regarding the trauma itself, it is believed that, in accordance with reconsolidation theory 5, 12, [15] [16] [17] [18] [19] [20] , those changes are incorporated into the trauma memory. These modifications are hypothesized to modify the pathological affective responses that define the hallmark symptoms of PTSD 23 . After treatment, the event becomes available to declarative memory without evoking the strong pathological emotion characteristic of PTSD 4, 5, 17, 19 .
RTM is distinct from other Trauma Focused Cognitive Behavioral Therapies (TFCBTs) in that the brief exposure to the index trauma is not believed to be the operative element in the procedure. Here, exposure serves to initiate a period of labilization during which new information can be added to the structure of the target memory 5, 12, [15] [16] [17] [18] [19] [20] .
RTM is a targeted intervention aimed specifically at the intrusive symptoms of PTSD experienced as sudden, uncontrollable autonomic responses to the trauma narrative, its elements, or the triggers for flashbacks and nightmares. This relatively automatic and unconscious response style may be particularly susceptible to modification through 'reconsolidative modification' 24 . The intervention is not appropriate for the treatment of the dissociative subtype of PTSD 4, 5, 25, 26 .
Studies of RTM efficacy.
5
A pre-pilot study of the intervention was completed in October 2014 by Gray & Bourke 4 with 96% of those treated no longer meeting psychometric scale cutoff criteria for PTSD (see 
Purpose of the Study
The purpose of this study was to examine the effectiveness of RTM using PTSD treatment outcome measures in a population of male combat veterans. We examined immediate treatment outcomes and treatment effects at 6 months among volunteers in immediate treatment, untreated waitlist and post-waitlist treated participants. The neural mechanism of reconsolidation is invoked to explain the efficacy, economy, and relative permanence of the intervention and its outcomes. These mechanisms are conserved across species 15, 19, 27 and have been observed in humans 17, 19, 22, [28] [29] [30] [31] [32] . Previous work has suggested that RTM can produce reliable, reductions in intrusive symptomatology over long time frames 4, 5 . In light of this, we hypothesized that RTM participants would show clinically and statistically significant symptom reductions with high effect sizes using standard measures (PCL-M, PSS-I) and would report total or near total loss of nightmares and flashbacks. We further hypothesized that loss of diagnostic-level symptom scores would persist over at least six months. In contradistinction to earlier investigations, where participants received as many as 5 sessions of RTM, experience has shown that only three sessions are necessary for most patients. Here, treatments consisted of only 3 sessions but the treatments are otherwise identical.
METHODS

RTM Intervention
RTM is a brief cognitive intervention with a minimal, non-traumatizing exposure to the index stimulus at the start of each treatment session. It was administered in three 120-minute
sessions. An outline of the procedure is provided in Table 1 . The full protocol is available from the corresponding author. 
Their narrative is terminated as soon as autonomic arousal is observed.
3. The subject is reoriented to the present time and circumstances.
4. SUDs ratings are elicited for the just-related narrative.
5. The clinician assists the client in choosing times before and after the event (bookends) as delimiters for the event: one before they knew the event would occur and another when they knew that the specific event was over and that they had survived.
6. The client is guided through the construction (or recall) of an imaginal movie theater in which the pre-trauma bookend is displayed in black and white on the screen.
7. The client is instructed in how to find a seat in the theater, remain dissociated from the content, and alter their perception of a black and white movie of the index event.
8. A black and white movie of the event is played and may be repeated with structural alterations as needed.
9. When the client is comfortable with the black and white representation, they are invited to step into a two-second, fully-associated, reversed movie of the episode beginning with the post-trauma scene (bookend) and ending with the pre-trauma scene (bookend).
10. When the client signals that the rewind was comfortable, they are asked to relate the narrative or are probed for responses to stimuli which had previously elicited the autonomic response.
11. SUDs ratings are elicited for the just completed trauma narrative.
12. When the client is free from emotions in retelling, or sufficiently comfortable (SUDs ≤ 3), they are invited to walk through several alternate, non-traumatizing versions of the previously traumatizing event of their own design.
13. After the new scenarios have been practiced, the client is again asked to relate the trauma narrative and his previous triggers are probed.
14. SUDs ratings are elicited.
15. When the trauma cannot be evoked and the narrative can be told without significant autonomic arousal, the procedure is over. 
Participants
Male US veterans were recruited from Veterans' groups and Mental Health Service providers in San Diego County, CA. Volunteers were recruited using referrals and word-ofmouth, resulting in a non-random distribution of veterans. Sample demographics are presented in Table 2 . The distribution of participants across ethnic groups, branches of services, and trauma context as well as mean age are reported in table 2. None of these factors had a significant impact upon the results of the study.
Of fifty-five referrals, 13 were ineligible at pre-screening; 30 of the remaining 42 met inclusion criteria. These subjects were randomized to treatment and control conditions. All fifteen individuals in the RTM group completed treatment and follow-up. When later offered the RTM intervention, three decided not to participate further in the study.
Of the thirty subjects who completed treatment only eight were not using prescription antidepressants, anxiolytics or sleep aids at intake. In general, those using no medications performed marginally better than those using prescription drugs or marijuana. It is presupposed that these medications were or had been ineffective in relieving the symptoms of PTSD. All those admitted to the program reported current month flashbacks and nightmares and were highly reactive to stimuli related to the target trauma.
Inclusion and Exclusion Criteria
Inclusion Exclusion criteria: possession of a comorbid DSM-IV Axis I or II disorder impairing the participant's ability to complete treatment; PTSD symptoms perceived as part of participant's identity structure; and clinical judgment that the volunteer was incapable of sustained attention.
The RTM protocol requires a significant capacity to focus upon imagined restructurings of the trauma memory, therefor, the inability to focus on the treatment tasks is a major disqualifying element. Excluded participants were referred to their ongoing treatment provider.
Institutional Review and Consent
The study protocol and informed consent were approved by the New England Independent Review Board (NEIRB). All personal identifying and Health Insurance Portability and Accountability Act (HIPAA)-sensitive information was held in strict confidence. The protocol and all aspects of participation were reviewed with participants and signed informed consents were obtained from each. If any participant had significant emotional difficulties during the study, an immediate intervention was administered by the licensed clinician on staff. If necessary, the participant was referred to his psychiatrist or primary care physician or for emergency treatment. No need for such emergency treatment arose.
Psychometric Scales
The PTSD Checklist Military version (PCL-M) and PTSD Symptom Scale Interview (PSS-I) were used as primary measures of symptoms at various study time points. Both scales are based upon the 17-point DSM IV diagnostic criteria and are regularly used by the military and the VA to assess PTSD symptoms.
The PSS-I is highly regarded and second only to the CAPS in its accuracy 33, 34 
Study Design
A randomized, waitlist-controlled design was used to assess the efficacy of the RTM intervention. Participants were admitted to the study in cohorts of ten and then randomly assigned to treatment and control groups
For clarity of reporting, we refer to the study time points on an absolute timeline (weeks 1 through 16), and we also refer to certain follow-up time points, during which symptoms were evaluated, based on the number of weeks elapsed since the completion of the treatment period.
Intake evaluations were performed for all participants on study week 1. The treatment group began treatment on week 2. Participants received three 120-minute treatment sessions separated by a minimum of 24 hours over the course of one to three weeks. During treatment, RTM was administered across a period of one to three weeks due to scheduling problems, the irregular flow of volunteers, and other time constraints. Post-treatment evaluation of RTM subjects was performed two weeks, six-weeks, 26-weeks and one year after treatment. Control participants also had intake assessment during week 1 and were then informed they would wait 5 weeks before receiving treatment. On study week 6, control participants were re-evaluated using the same symptom scales. Control participants were then offered the same intervention schedule (study weeks 6 through 8) and their symptom scores measured at two weeks, and six-weeks after treatment. One individual from the original treatment group was not available for long-term follow-up.
Three prospective patients dropped out before treatment. Three others were either excluded from further participation due to new traumatizations after completing treatment, or dropped out after having no response by six months post
Participants had no active contact with the research team between follow-up visits. All were referred back to their attending service providers (if any) or were allowed to continue with their normal schedules.
All treatments and evaluations were performed in a private office suite dedicated to the study in a professional office complex in Vista, California, a suburban municipality in Northern San Diego County. All assessments were provided by psychometricians blinded to the study condition from which the subjects were drawn.
Treatment Fidelity
All screening and treatment sessions were video recorded on digital media for assessment of treatment fidelity. Treatment fidelity was assessed periodically by three experts in the RTM protocol.
Data Analysis
All analyses were conducted using SPSS v.17. We examined study group differences in self-reported ancestries and traumatization contexts using chi-squared tests. Symptom scales were examined at each time point and for each treatment group to ensure approximately normal distribution.
We examined group differences in pre-treatment symptom scores using one-way
ANOVAs. The main analysis comparing the RTM group and waitlisted controls was performed using a repeated-measures ANOVA with type III sum of squares to examine the change in symptom scales for both groups from intake to week 6. Data that violated the assumption of sphericity were corrected for using the Greenhouse-Geisser correction. All data passed Levene's Test for homogeneity of variance. Post-hoc tests were conducted with family-wise Bonferronicorrection for multiple testing. Effect sizes were calculated as partial eta-squared (η²partial) for the repeated-measures ANOVA and Hedges' g for within-subject comparisons over time. All data are reported as mean ± standard deviation.
RESULTS
Using the PSS-I as the primary diagnostic instrument at intake and two-weeks posttreatment for both groups, we found that PSS-I intake measures for both groups met standard PSS-I criteria for a diagnosis of PTSD (PSS-I ≥ 20). The RTM group intake mean was 37.33 (± 6.51) while the initial and post wait baseline measures for wait-list subjects were 38.73 (± 6.69) and 38.93 (± 8.09), respectively. At two-weeks post-treatment, PSS-I scores were 9.7 (± 8.05)
for the RTM group and 5.9 (± 6.69) for the post waitlist controls. These scores indicate that, in terms of group means, all treated participants had scored below diagnostic threshold.
Using standard PCL-M values 38, 35 we found that 88% of RTM completers were symptom and diagnosis free at 6-months post (for analysis see Table 3 ). The most significant result, for our purposes, is the waitlist comparison between the post wait baseline as compared to the treatment group's first post treatment result. These measures were taken at approximately the same time for both groups. If the difference were found to be significant and meaningful, it would show that the passage of time alone could not explain the observed changes. This would support our major claim, that the RTM is the main effector of change in this study. We found that the waiting list control's mean score on the PCL-M at the end of the wait period was 67.6 ± 8.9, differing in a nonsignificant manner from the initial mean PCL-M score at intake (p = 0.40). When compared with the mean post-treatment score of the RTM group at two weeks post (29.9 ± 8.9) the difference was found to be significant below the .001 level. Hedges g (3.663, 95% ci [6.013, -1.314]. indicated that the intervention accounted for a 3.5 standard deviation decrease in scores for intake. This suggests that the RTM intervention produced significant and meaningful change that could not be attributed to the passage of time alone. Table 4 . reports results from experimental-control comparisons. Data include means and standard deviations for intake, the control post-wait intake, and two-and six-week post treatment evaluations). As hypothesized, a one-way ANOVA showed that differences between intake scores for both groups and the post-wait intake for controls were non-significant; these groups did not differ before treatment. The Same kind and quality of effects were seen in PSS-I measures across groups and times. Table 4 . Notes: The PSS-I was only administered at intake, post wait intake, and two-weeks post.
As RTM is believed to be based on reconsolidation rather than extinction, we predicted that our results would be more stable over time than other treatments such as PE and CPT which are known to undergo decay 7, 8, 9 . In agreement with this, the RTM group showed no significant differences in 6-week and 6-month post-treatment results (t = 0.11, uncorrected p = 0.91).
DISCUSSION
We predicted that RTM would produce clinically significant effects. This was supported by mean symptom score reductions on both the PSS-I and PCL-M at all time points. Monson
Gradus et al. 6 defined clinically significant change on the PCL-M as 20 points. Our results support reductions > 30 points.
Hedges' g, is a conservative measure of effect size, typically used for small groups. It allows for intergroup comparisons based loosely on the number of standard scores by which varying results have changed. Here we report effect sizes ranging from 2.79 to 5.33 supporting very high effectiveness for this intervention (Table 4. ). These results are encouraging, however, further study with more diverse demographics are needed to see whether this large of an effect will generalize to all PTSD populations.
Importantly, this study is the first to provide quantitative evidence that long-term reductions in PTSD symptoms can be achieved in as few as three treatment sessions using interventions like RTM. Based upon previous reports that indicate the long-term resilience of the effects of RTM 4,5 , we predicted that scores would not deteriorate in post treatment analyses.
This was supported by the finding that the RTM group results did not differ significantly between 2 weeks and 6 months (Table 3) . This suggests that RTM may provide a viable alternative to some of the current frontline therapies for PTSD which appear to be subject to significant recurrence of symptoms over relatively brief time periods 6, 9 . Generally, most patients (twenty-two out of 27 or 81%) showed a consistent reduction of PTSD symptoms below the clinical cut-point (PCL< 50) that was sustained until the 6-month follow-up.
In more recent follow-up data, now extending to a full year, we find that treatment effects remain stable for a full year. As noted above, mean PCL-M scores varied less than 5 points, an amount determined to be non-significant for the PCL-M 6 . This datum aligns well with the work of Schiller 22 and Soeter and Kindt 38 , who have found the attenuation of fear in humans treated in the context of a reconsolidation paradigm to last up to one year.
On a human level, we note that the large majority of those treated expressed a great deal of satisfaction with the results. Typically, there was a breakthrough, signaled by an 'Aha" moment when the trauma memory was described as subjectively more distanced and was spontaneously reappraised as something long past that had meaning within the context of their current life story. 81% of clients reported complete cessation of nightmares and flashbacks related to the treated traumas. All could coherently retell the trauma memory without observable autonomic reactivity.
Variability in Treatment Response
Interestingly, as expected with a variable population, there was variability in treatment response. One subject showed no reduction below threshold, while two others showed initial reductions at two-weeks and rebound by six-weeks; one of these individuals again remitted by 6 months. One additional individual showed a response through six weeks, but their symptoms measured above threshold at six months.
Upon video review, it was found that for the one non-responsive client, the clinician did not follow the RTM protocol, but used other techniques despite instructions to adhere to the written protocol. This result may be regarded as invalid regarding the RTM Protocol. For two of the clients, those whose scores remitted after a relapse at six weeks, it is believed that the psychometrician did not appropriately frame her questions so that the PCL-M only focused upon the treated traumas. As a result, the clients' responses to the PCL-M questions referred to both treated and untreated traumas and may have included their entire pretreatment history. When the clinician was asked to review her notes for these cases, she indicated that at all time points, both clients were free of nightmares and flashbacks regarding the treated events. For the final case, it is believed that the concurrent suicide of two of his team members either created new traumatic responses or re-installed some of the previously treated traumatic responses. We have nevertheless retained these results in our evaluations.
Despite these results, the RTM protocol may be effective for a relatively high proportion of individuals, compared with other modalities 4, 7, 8, 9, 11, 12, 14 , as discussed above. Additionally, our sample included combat veterans extending from Vietnam to the more recent conflicts in the Middle East and Afghanistan, suggesting it may be broadly applicable in military populations.
Future studies could examine the efficacy of the RTM intervention among active duty soldiers, female participants, and individuals whose PTSD is not related to military combat.
Accessibility and Cost Effectiveness
Clinicians can be trained to effectively administer the protocol in as little as a week. In light of this, RTM offers the possibility of fast deployment at minimal cost. While the behavioral steps are well detailed, the successful administration of the procedure requires training in its administration, especially the observation, calibration, and recording of physiological reactivity.
The nature of the treatment supports patient compliance; its brief nature and short training regimen means that the intervention can help reduce the costs of treatment for active warriors and veterans who suffer from PTSD. These changes can lead to reduced costs to the medical systems, the VA, and faster return to duty for traumatized warriors 5, 19 .
Identification of RTM with the reconsolidation mechanism
A final factor that may account for the enhanced efficacy and robust changes related to the RTM approach lies in its proposed mechanism of action. This has been discussed previously 4, 5 . 43 , the presentation of safety information 40 , or simply retelling the trauma narrative in a clinical setting 15 . RTM introduces multiple levels of novelty 5 .
Limitations of the study
The current study is limited by several factors. These include: the nature of the sample, the size of the sample, and the diversity of the sample. It is further limited by its focus on male-only veterans and its targeting of a specific subpopulation of PTSD afflicted veterans. Finally, we must consider that this was a waiting list control study without an active comparison treatment.
The sampling technique was largely a combination of referrals and word-of-mouth recruitment, resulting in a non-random distribution of veterans which may limit the external validity of the results. The fact that many of the referrals came through recommendations of others who had had good results from the study is also problematic. Future studies would ideally draw from larger and more varied volunteer populations such as those available to VA researchers.
The size of the sample: were it not for the size of the effects measured and their stability over time, the small sample would make further generalization difficult. Nevertheless, in this test of the protocol, there are effect sizes that suggest that these results compare well against the results of other treatments. Recalling the analyses of Steenkamp, Litz et al. 9 , Bisson, Roberts and colleagues 7 , despite experimental deficits, our results suggest that RTM compares well against the frontline treatments offered by the VA. This will only be born out with further experimental review.
While the sample is fairly diverse it is notable for its lack of female participants. This will be addressed in other studies. As noted, although the study focused on a target population, and thus has limited generalizability to PTSD more generally, its targeting is based upon clinical experience with older variants of the model that suggest that the intervention will not work for the excluded types 5 . We believe that it is not unimportant that the intervention potentially applies to 50-75% of all afflicted by the disorder 25, 26 . Further experiments with access to larger pools of veterans will be able to test RTM's generalizability beyond our target group and in the process further clarify the boundaries of the larger subpopulation which this intervention appears to serve.
A further limitation is the waiting list control. Such comparisons indicate, basically, that our results are better than nothing. Nevertheless, observed effect sizes (greater than two standard measures), symptom reductions (>30 points), loss of diagnosis (for more than 80% of those treated) and maintenance of treatment gains over at least six months, argue for its value as compared to interventions using similar waiting-list controls for more main line treatments [7] [8] [9] 23, 49 . We acknowledge that an active comparison condition would provide more generalizable results and a more valid comparison for RTM. We note, however, that the agencies who have helped by referring clients have a great deal of difficulty finding volunteers for placebo, possibly less effective, or more noxious comparison conditions. It is with these limitations in mind that we chose the waiting list design. We invite other researchers to create the required comparison trials.
Insofar as the current association between RTM and the blockade of reconsolidation of the trauma memory is currently inferred based upon the elements described above. There are some obvious, but logical means of testing the purported relationship. We invite other researchers to test the identification.
CONCLUSIONS
We have here illustrated that the RTM protocol can eliminate PTSD diagnoses in upwards of 80% of those treated. Those changes have been maintained by follow-up testing at 6 weeks, six months and one year. Considering these results and oneand one other study discussed above we suggest that the RTM protocol may be a viable treatment modality for PTSD-related symptoms in a military population challenged by high levels of intrusive symptoms. Due in part to its roots in the treatment of phobic reactions and a 30-year history of clinical use 5 , it is hypothesized that the RTM intervention will work especially well for individuals with significant levels of intrusive symptoms but will remain inappropriate to the dissociative subtype. We look forward to other studies with larger sample sizes, more diverse populations, and clients less averse to standard treatments
